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ABSTRACT 


This paper describes the formation of a dictionary list structure 
which can be used by an English language translator to enable natural 
language man-machine conversation directed towards the retrieval of 
information from a data bank. The hierarchical structure of the let- 
ters in a word and the placement of word attributes in this structure 
is discussed. 

A computer program, which accepts as input an English language 
sentence and processes this sentence in conjunction with the dictionary 
list structure to obtain the attributes of the individual words, is 
described. The incorporation of this dictionary structure into a 
complete natural language information retrieval system is also 


discussed. 
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LIST OF DEFINITIONS 
1. Record (Logical Record) - A collection of related data elements 
treated as a unit. (E.g., the topic name and its numeric code word). 
2. File -— A collection of related records treated as a unit. 


3. Information Retrieval System - A process developed to recover 
specific information from a data bank. 


4. Key-Searches - Searches conducted to retrieve information in 
accordance with a specific data input parameter (or set of parameters) 
called a key. 


5. Pointer - A numeric value used to specify an address in core 


6. Null Pointer - A special pointer value that cannot relate to any 
address in storage (represented by NIL or”A). 


7. Node - One or more consecutive bytes of core storage divided into 
parts called fields. (synonym -- cell) 





8. Tree - A finite set of one or more nodes such that there is one 
specially designated node called the root of the tree and the remaining 
nodes are partitioned into disjoint sets of trees which are called 
subtrees of the original tree. 


$. Binary Tree - A tree structure where each node has at most two 
subtrees. When there is only one subtree present, a distinction is 
made between whether it is a left subtree or a right subtree. 


10. Hash Coding - A method of effecting random storage where a trans< 
formation is performed on a key (in this case the topic name) to 
produce an address in the table which can be used to locate a position 
for placing the key and its associated item. 





I. INTRODUCTION 


The Technical Reports Section at the Naval Postgraduate School 
Library currently offers its users access to those reports in its 
holdings by either of two methods. First, the user can search through 
the card index to obtain the report number of the item desired, or. 
second, he can conduct a computerized library search to obtain a bib- 
liography of those reports in the holdings which pertain to the sub- 
ject area of interest. 

This library search is conducted by entering a numeric code word 
into an information retrieval system which will then use this code 
word as a key to search for and retrieve a bibliographical listing 
of those reports which pertain to the entered code word. Any number 
of code words can be combined, and the items on the bibliography re- 
trieved for the user will have all of the code words within their list 
of keys. At present the Technical Reports Section has about 100,000 
bibliographical items in its file, and these items can be accessed 
by over 10,000 different code words. 

Although a library search is faster and easier for the user, es-~- 
pecially when only a general topic area is desired, it does have a 
number of shortcomings. First, there is a nominal delay between the 
request for the search and the obtaining of the bibliography resulting 
from thatsearch. Second, the user does not know at the time of his 
request whether or not his topic area is too broad or too narrow to 
obtain a reasonable bibliography. Third, the user presently has to 
personally search through a book of topic areas to obtain the numberic 


code words required for the information retrieval system. 





This report is the result of a project to develop a flexible and 
accessible information system for the specific objective of retrieving 
a bibliography of the reports held by the Technical Reports Section 
of the Naval Postgraduate School Library. The proposed system would 
be implemented on the school's IBM 360/67 computer and would utilize 
the time-sharing capability of that system. | 

The system as conceived would be similar to the REAL ENGLISH system 
at the University of Pennsylvania [1]. It would consist of an 
English language translation capability which would be used to pre- 
process the user's English language request, which has been entered 
at the time-sharing terminal, to determine the specific item(s) desired. 
Then the numeric code associated with each item would be retrieved from 
a table and entered into the existing information retrieval system. 

The number of items in the bibliographical file which met the erieerion 
of the code word(s) would be printed out at the terminal, and the user 
could then specify whether or not there was a sufficient number of 
bibliographical items for his use. If the number of items were not 
sufficient or overly abundant, the user could re-initiate his request 
in either a broader topic area or a more restricted area to obtain 

the desired number of items in the bibliography. If the number of 
bibliographical items was sufficient, the user could specify that the 
bibliography was to be printed out at the terminal or at the offline 
printer at the computer installation. fe neralised block diagram 

of the proposed system is shown in figure l, page ll. 

The remainder of this report has been written in two parts. The 
first part describes the formation of a dictionary structure required 


for the English language translation, the processing of the user's 
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FIGURE 1. System Block Diagram 





request to obtain from the dictionary the attributes of the individual 
words, and the retrieval of the numeric codes from the table of code 
words. The second part consists of illustrative examples of the 
system. 

The syntactic and semantic interpretation of the attributes of 
the request and the actual implementation with the existing informa- 
tion retrieval system are left for further study. Some work in the 
area of syntactic and semantic interpretation has been done by Cautin 
[1,2] and Kellog [5,6] which might be of value for anyone who desires 


to conduct further work on this system. 
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If. SYSTEM DESIGN 


At this stage in the development of the system, there are three 
main computer programs or subroutines. The primary program, LIB-SER, 
which is mainly concerned with performing operations on lists, was 
written in PL/I [7,8,9] to take advantage of the list processing and 
recursive capabilities of that language. Also, PL/I was chosen 
instead of a list processing language, such as LISP 1.5, because of 
the availability of PL/I at the Naval Postgraduate School computer 
installation. 

The TABLE program, which is also in PL/I, was written exclusively 
for use as a calling program for the construction and maintenance of 
the numeric codes table. PL/I was chosen for this routine mainly 
because of its character manipulation capabilities. 

The final program, HASHX, is a subroutine written in IBM 360/67 
Assembly language [10,11] and is called into operation by both the 
LIB-SER and eon reer ans Assembly language was chosen since it 
allows a closer control over the representation and location of data 
while in computer core storage. This close control is necessary 
since HASHX is used to move the core character representations of the 
topic names and their numeric codes from one position to another in 


core storage. 


A. LIB-SER PROGRAM 
The LIB-SER program is the main program utilized by the proposed 
library search system. It is utilized to build lists, add items to 


lists, delete items from lists, and search for items on the lists 
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maintained during the operation of the proposed system. The lists 
of prime importance are ATOMLIST, the dictionary list (11), the user's 
request list (L2), and the multiple definitions list (L3). 
1. List See Lere ene Program 

A list structure was used in this program since a hierarchical 
structure was desired for the dictionary list. This hierarchical 
structure is used to simplify the search through the dictionary for 
the attributes of the words in the user's request. The inputs to the 
program, the dictionary file and the user's request, are built into 
a system of connected lists where these lists take'on a form similar 
to the program and data structure utilized in the list processing 
language LISP 1.5 [12]. 

In LISP 1.5, program and data are represented in the form of 
symbolic expressions or S-expressions where these S-expressions are 
of indefinite length and have a branching binary tree structure which 
allows the identificaticn and isolation of sub-expressions or sub- 
trees within the basic structure. The S-expressions are graphically 
represented in this binary tree structure, as shown in figure 2 on 
page 15, as a sequency of nodes or cells, each of which has two fields. 
When using the dotted pair notation in LISP 1.5, both of the fields can 
be used to contain a pointer to another node or cell or they can be 
used to contain a character string. In an alternative notation, list 
notation, the left field is the only field which can be used to contain 
a character string or pointer. The right field contains a pointer 
to the next node in the tree or a special pointer, NIL, which is used 


as a terminator of the list. 
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{A* (B°C)) (A(B C)) 


(a) (b) 


dotted pair notation list notation 


FIGURE 2. Graphical Structure of LISP 1.5 Lists 


The list structure used in this program is a modified version 
of the list notation used in LISP 1.5. This modification was required 
by the use of PL/I as the programming language and the requirement of 
this language that the contents of the fields in a cell be explicitly 
declared. Thus, no one field can be used to contain both a pointer 
and a character string during a program execution. This required that 
the character strings be placed in a type of cell, called ATOMCELL in 
this program, defined separately from the connective cells, called 
CONCELL, used to represent the tree structure. It also required, as 
shown in figure 3 on page 16, that each of the Rees strings which 
is placed in an ATOMCELL to have associated with it two CONCELLS. 

The upper CONCELL is used to connect the character string to other 
character strings at the same level in the subtree. The lower CONCELL 
is used to contain a pointer to the character string contained in the 
ATOMCELL and serve as an attachment point for any subtrees of that 


character string. 
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Since there are two CONCELLS associated with each character 
string, a method of determining whether or not the left field of the 
CONCELL pointed to an ATOMCELL or to another CONCELL in the list was 
required. This was accomplished by the addition of a third field to 
the CONCELL type of cell. A fourth field was added to indicate the 
depth of the occurrence of the cell in the list structure and is 


utilized during the construction of the trees. 


moo ToT TN 
oie 
§ feito Lp 
ca bhhl [aby 


(ACBC) ) 
FIGURE 3. Graphical Structure of the Lists Used.1 


a. ATOMLIST List 
The ATOMLIST list is used to store the alphabetic, numeric, 
and special characters which are required b:’ the program to be retained 
in their symbolic form during the operation of the program. It con- 
sists of a series of connected cells called ATOMCELLS, shown in figure 
4 on page 17, which have three fields. Each new cell added to the list 
is connected to the first cell on the list. 


Tad of the circled character strings are included in the ATOMLIST 


list and only conceptually displayed here. The Aor  X used in the 
CDRF field is used to indicate the NULL pointer. 
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The three fields are the SIZE field, which contains the 
number of characters of the item represented in the cell, the PNAME 
field, which contains the character representation of the item, and 
the NEXT field, which contains a pointer to the next ATOMCELL on the 


list. 


SIZE 


FIGURE 4. Structure of an ATOMCELL 


Each of these ATOMCELLs is placed on this list as the 
characters they contain are encountered during the operation of the 
program, with the majority of them being attached to the list during 
the initialization phase of the dictionary. Each item is included 
in this list only once since a search of the list (procedure LOOKUP) 
is conducted every time an item is encountered to determine if an 
ATOMCELL has or has not already been included in the list which con- 
tains the character(s) of the item. No ATOMCELLs are deleted from 
this list during the operation of the program. 

All referrals to the character representation of any item 
on the ATOMLIST is by the pointer to the entire ATOMCELL. This pointer 
will be the same as that contained in the NEXT field of the ATOMCELL 
immeciately prior to the ATOMCELL containing the desired characters, 
if one exists, or else it will be the pointer ATOMLIST since the charac- 
ters would then have to be contained in the first ATOMCELL on the list. 


A diagram of the ATOMLIST is shown below in figure 5. 
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pt 


FIGURE 5. Diagram of the ATOMLIST 


b. Connective Lists 
All of the remaining lists built and used by the program 
are used to connect the character representations in the ATOMLIST 
in various fashions. These lists consist of a series of CONCELLS 
which have four fields, an ATOMB field, a LEVEL field, and two pointer 


fields, CARF and CDRF. The structure of the CONCELL is shown in figure 6. 


FIGURE 6. Structure of a CONCELL 


The ATOMB field is used to indicate the purpose of the 
CONCELL. It is a two bit field which can contain one of three binary 
values, 00, 01, or 11. The OO value indicates that the CONCELL is 
being used as a connective cell where both the CARF-.and the CDRF fields 
contain pointers to other CONCELLs, with the exception that the CDRF 
field may contain a null pointer. All items in the same subtree at 
any particular level will be connected by the CDRF field of a CONCELL 
with a 00 ATCMB field. 

The 01 value indicates that the CARF field contains a 
pointer to an ATOMCELL. The CDRF field may contain a pointer to an- 
other CONCELL with a 00 ATOMB field which is at the next level down 


in the tree, or else contain a null pointer. The 11 value, which can 


18 





only be placed in the ATOMB field during the initialization phase of 
the dictionary list, indicates that the CARF field contains a pointer 
to an ATOMCELL which contains the name of a multiple definition or an 
attribute name. The CDRF field always contains a null pointer. 


A sample connective list is shown below in figure 7. 


mi) (00 fo Jy I 
for jo Uy le foro |r jr 


al Ww 
[oo a]; |= foo {a} y | 


aphphl Ghhyh 
Tene 


‘FIGURE 7. A Connected List 


The LEVEL field contains a numeric indication as to the 
level in the tree structure of the particular cell. For CONCELLs that 
are contained in the multiple definitions list, the value contained 
in the LEVEL field is not changed when that definition is included 
at other places in the structure of the dictionary. 

The use of the multiple definitions will be explained 
later during the discussion of the initialization of the dictionary. 

2. File Descriptions 
Two files are used by the program during the initialization 
phase to enter data into the program, the Dictionary file and the Codes 
file. Both files are read-only files when used by the LIB-SER program. 


a. Description of the Dictionary File 


19 





(1) Convention and Special Characters. With the excep- 


tion of the attribute names and the names of the multiple definitions 
sequences, all items in the dictionary are single characters. Spaces 
or blanks are used only to improve the readability or to separate items 
in the dictionary. The attribute names and the multiple definition 
mames must be at least two characters in ieneeh and the multiple de- 
finition names start with the letter M. 

There are eight characters used in this file which 
have special significance during the operation of the program. These 
characters are the right and left parentheses, the. greater-than symbol 
(>), the less-than symbol (< ), the dollar sign ($), the minus sign 
(-), the asterisk (*), and the slash(/). 

The six characters, right and left parentheses, 
greater-than symbol, less-than symbol, the dollar sign, and the slash, 
are used during the building of the list structure to determine the 
proper connections which have to be made. The left parenthesis is 
used to indicate the beginning of the dictionary file. The right paren- 
thesis is used to cate the end of the dictionary file. The dollar 
Sign is used to terminate the processing of the current input. The 
less-than symbol is used to indicate that the items that follow are 
to be attached to the preceding character at the next lower level in 
the tree structure. The greater-than symbol is used to indicate that 
items at the current level in the subtree have been processed and that 
the following items are not to be attached at that level but at the 
next higher in the tree structure. The slash is used to indicate that 
the next item is the name of a Pucpe definition and that the pre- 


‘viously formed subtree, which is attached to that multiple definition 


20 





name, is to be inserted at this point in the current subtree. 

The two characters, the minus sign and the asterisk, 
are used during the attribute determination phase to indicate special 
conditions or operations. The minus sign is used to indicate that the 
following attribute is not to be retained for the word thus formed. 
This attribute may or may not have been retrieved for the word under 
consideration. The asterisk is used to indicate that a complete word 
has been placed in the tree structure to that point in the tree. It 
is also used as the attachment point for any remaining attributes of 
the word that it terminates. 

(2) File Description. The Dictionary File consists of 
a sequence of characters contained in a series of sixty-character 
records. The file begins with the left parenthesis and ends with a 
right parenthesis and a dollar sign in the last record. The first 
character in the sequence after the left parenthesis is the symbol 
one (1) which is used as an attachment point for all of the multiple 
definitions. The remaining characters are placed into the file such 
that the tree structure which is built from this file will contain 
all of the words entered into the dictionary of the. program. 

At the zero level in the dictionary tree, the twenty- 
Six letters of the Latin alphabet are attached to the preceding 
character in descending order according to their probability of occurrance 
in the English language [13]. These letters are used as the first 
character of all words in the dictionary. Each of the remaining letters 
in a word is preceded by the less-than symbol to indicate that they are 
to be attached to the previous letter in the word at the next lower 


level in the subtree. 
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Where there are attributes that are common to a number 
of words with similar beginnings, those attributes can be included in 
the sequence immediately prior to the beginning of the dissimilarity. 
Wherever a complete word has been represented, an asterisk is included 
in the sequence following the last letter of the word. When a word 
being described has a common ending, such na the plural endings ES 
and S, the multiple definition name for that ending is placed in the 
sequence immediately following the slash symbol, and this multiple 
definition name is used to complete the word. Figure 8 illustrates 


the use of the multiple definition name in the sequence. 


SCOCMCE<* ADVBP > EXN<D <VERBP * /MING>>>> 


FIGURE 8. Sample Dictionary Record 


b. Codes File. 

The codes file consists of a series of sixty-character 
records of which only the first twenty characters are utilized. Each 
record consists of the topic name beginning in the first character posi- 
tion and Eollowed by the five number numeric code word in the last 
five character positions with blanks in between. The records are ar- 
ranged in the file according to the hash coded index of each item that 
is determined during the operation of the TABLE program and its call 
to the subroutine HASHX . 

aeoe Inataali zation. 
The program has an initialization phase in which the dictionary 
file is read and structured into Ene tree and subtrees required for 
later use in the determination of the attributes of a user's request. 


After the dictonary has been structured, the table file is read into 
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an array for use during the search for the numeric code words required 
for the information retrieval system. 
a. The Dictionary Tree Structure. 

The dictionary tree structure is a connective list which 
has pointers in the CARF field of the appropriate CONCELL to point 
to the required symbolic data in the ATOMLIST. It is formed by first 
constructing the multiple definitions subtree and then constructing 
the remaining subtrees, all of which start with the letters of the 
alphabet and some punctuation characters. All of the subtrees are 
constructed independently by the recursiveness of the structuring 
procedure (S EXPR) until the last subtree has been structured at which 
time the subtrees are connected to form the dictionary tree. The 
recursive construction of the tree is illustrated in figure 9 on page 24. 

Although the multiple definitions subtree is constructed 
in the same manner as all of the other subtrees in the dictionary, 
there is a special pointer (L3) which is assigned to point to this 
subtree during the initialization. This assignment occurs immediately 
upon completion of the structuring of the subtree and before the next 
subtree is started. This pointer is required during the structuring 
of the remaining subtrees as a beginning pointer for the procedure 
(LOOKLIST) when a search for a multiple definition used in the other 
subtrees is required. The multiple definitions subtree cannot be re- 
cursively defined (i.e., a multiple definition which uses another mul- 
tiple definition as one of its endings) since the special pointer is 
not assigned until the completion of the entire structuring of the 
Subtree. 


During the construction of the remaining subtrees, the 


multiple definitions are used whenever a slash is encountered during 
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FIGURE 9. Recursive Structure of Connected Lists 
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the scanning of the input symbols. When this occurs, the procedure 
LOOKLIST is invoked to determine the pointer to the subtree required 
at this point for the completion of the word being entered into the 
dictionary. The program allows more than one multiple definition to 
be used as an ending of a word with the stipulations that none of the 
multiple definition subtrees can begin with the same letter nor can 
the multiple definitions subtrees begin with the same letter as is 
already included in the subtree of the word at that level. The use 
of the multiple definition is illustrated in figure 10 on pages 26 
and 27. 

b. The Table Array 

The table file is copied directly into the array area, 
CODE. No processing occurs with the items in the file during the 
initialization phase of the program. Currently, there is a logical 
Switch (true or false) which has been turned off (false) to prevent 
the table file from beings read nae the CODE array. When further 
implementation of the proposed library search system has been accom- 
plished, this switch can be turned on to allow the initialization of 
the table array for use in the table search procedure. 
4. Processing of a Request 

After the initialization phase has been completed, the computer 
will loop through the remaining parts of the program until the string 
STOPS is entered at the terminal by the operator. 

a. Entry of a Request 

The user is requested by the program to enter his name 

and student box number (or other appropriate school mail box) to be 


used for identification purpeses. The user is then asked to enter 
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FIGURE 10. 
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his English language request surrounded by right and left parentheses 
and ending with a dollar sign. If the request is too long to be en- 
tered at one time, the right parenthesis and dollar sign can be left 
off until the entire request has been entered. 

The request entered will be built into a tree (L2) in the 
Same manner as the dictionary tree where all of the words and punctua- 
tion are entered as single item. Figure 1] is an example of a typical 


user's request tree. 


bol lglt+*laclol t+-—-Lool dyl-4+-tool ols] }-taol alto dy 


age Glo) fldH Glob) GLGN fold 
eD 


FIGURE 11. Sample User's Request 
This tree structure will then be passed to the attribute determination 
routine for processing. 
b. Determination of the Attributes 

In the procedure ATTRB, each word in the user's request 
is separated into its constitutent letters and these letters are passed 
one at a time to the LOOKLIST procedure. The ATTRB procedure will also 
pass to the LOOKLIST procedure the subtree, or tree if the letter is 
the first letter of the word, on which the LOOKLIST procedure is to 
search for the letter. 

In the LOOKLIST procedure, each letter is searched for only 
in the highest level of the subtree passed to it. Any attributes which 
are encountered before the letter is found will be attached.to a tem- 


porary pointer (L3) for later combination with the final attributes. 
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When the letter has been found, the pointer contained in the CDRF field 
of the CONCELL which points to the ATOMCELL containing the letter is 
returned to the ATTRB procedure. This pointer will be used by the 
ATTRB procedure as the pointer to the subtree used during the next 

eat to LOOKLIST. 

This searching will continue face all of the letters of 
the word have been found. After the last letter has been processed, 
the ATTRB procedure will pass to the LOOKLIST procedure an asterisk 
and the latest subtree. The pointer (Q) returned from this call will 
point to the list of final attributes of the word, if any. 

At this point, both the temporary attribute list and the 
final attribute list will be passed to the DELETE procedure for the 
deletion of any attributes in the temporary list which are indicated 
as not applying to the word by the prefixed minus sign on the attribute. 
The before and after structure of the temporary and final attribute 


lists are illustrated in figure 12. 


L3 Q Q 





(a) (b) 


Before Deletion After Deletion 

FIGURE 12. Temporary and Final Attribute Lists 
The temporary list and the final list will be connected after this 
deletion has taken place, and the resulting list will be attached to 


the word on the user's request list (L2) as shown in figure 13. 
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ool = by I} \“— 
oil oft | ortoly | 


C on) 
joo J |y |+-—AAoal Ly la joo} ty fa, 


potedpIl [oat ty aif ly [A 





FIGURE 13. User's Request with Attributes Attached 


As the processing of each word has been accomplished, a 
message is displayed at the terminal to the effect that the attributes 
have been found. If during the search for the letter of a word by the 
LOOKLIST procedure, that letter is not found, a null pointer is returned 
to the ATTRB procedure. This null pointer will result in the ATTRB 
procedure displaying a message at the terminal that the attributes of 
the word have not been found, and then the procedure will begin to 
process the next word in the request. 

After all of the words have been processed, the computer 
prints out the user's list which now includes the attributes of the 
individual words. The computer then branches back to the beginning 


and requests a new user to enter his name and box number. 


B. TABLE PROGFAM 

Since the TABLE procedure in the main program, LIB-SER, was written 
to allow only the retrieval of the numeric code words from the CODE 
array, the auxiliary program, TABLE, was written. The TABLE program 
allows the entry of an item, the deletion of an item, and the retrieval 


of information contained in an item in the CODE array. 
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The TABLE program first initializes the CODE array by copying 
directly into the array the individual records in the CODES file. 
The records are truncated after the twentieth character. Once in the 
array, the program calls the subroutine HASHX with various parameters 
to perform the functions of retrieval, deletion, or storage of an 
item in the array. When the required Pe tion: to the array have 
been accomplished, the CODE array is copies back into the CODES file 
with each item being padded with blanks on the right to fill out each 
record. 

Aithough the TABLE program was written to be operated from the 
time-sharing terminal, with slight modifications it could be run under 
the batch processor at the computer installation. This might be de- 


sirable if the number of modifications is substantial. 


C. HASHX SUBROUTINE 

The HASHX subroutine, which is used to compute the address of a 
location in a table or array and either return the contents of that 
location or place an item in that location, is based on the work done 
in scatter storage techniques by W. D. MAURER [14]. The method used 
here is referred to as a "division hash code" to distinguish it from 
the logical or multiplicative methods most often used in scatter 
storage systems [15]. 

Hash coding techniques can be applied to any table or array in 
which the access is to be made to the entries in an unpredictable 
order and the items are identified by some key or name associated with 
their contents. In the hash coding technique, a transformation is 


performed on the key to produce an address in the table where the key 
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and the entry associated with that key can be placed. A good trans- 
formation is one which will distribute these addresses uniformly 
across the available table area. 

In most hash coding techniques, the table size is restricted to 
being a power of two, since the common method of obtaining the address 
is to calculate a k-bit field which is assumed to be a random integer 
between zero and Dea and this integer is then used as the eaares oa 
In the method proposed by MAURER and used in this subroutine, the 
table size is a prime number, and therefore it can be almost any size 
desired. 

1. Determination of the Hash Code 

Tne hash coding method used here consists of using the first 
eight characters of the topic name as the key. The first four charac- 
ters are exclusively OR-ed with the last four characters to obtain one 
full computer word (32 bits on the IBM 360/67 computer), and this 
computer word is divided, using integer arithmetic, by the table size. 
The remainder from this division, which is a number between zero and 
one-less-than-the-table-size, is used as the hash code. 

This method of calculating the hash code is comparable in speed 
to the multiplicative and logical methods with the advantage that is 
almost completely free of the nonrandomness which often occurs in the 
other methods. 

In using this method of hash coding, a change in the table 
size will change all of the hash codes for the table entries. If the 
table size has to be changed, all of the hash codes for the entries 
must be recomputed. By using a prime number which is twenty-five 


percent larger than the maximum number of expected entries for the 
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table, the average number of steps required to find an item in the 
table is less than two, i.e., the original hash code address and 
one collision modification. 

2. Collision Handling 

In this method, as in all other hash coding methods, when two 
keys have the same hash code, a "collision" a said to have occurred. 
When a collision occurs, the item causing the collision must be located 
out of place in the table. 

There are a number of methods for determining a location for 
this item, such as searching linearly forward in the table. Another 
approach is to add a random number to the collision hash code to de- 
termine a new location. Neither of these methods is very satisfactory 
since they are intrinsically slow if there is any sort of clustering 
of the items in the table (many items with the same hash code place 
next to each other). 

The method of handling collisions used in this subroutine is 
the "quadratic search". In this method, a quadratic equation is used 
to calculate the new location. The hash code which caused the colli- 
sion is used as the constant term in the equation and the other coef- 
ficients depend upon the table size. The quadratic search was shown 
by MAURER to always search for the item or an empty location by looking 
at exactly half of the remaining table locations if the table size is 
a prime number. In using this method of handling collisions, the table 
is declared full when the quadratic search has searched through half 


of the table. 
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IIlI. AN EXAMPLE 


To demonstrate the operation of the LIB-SER program, only a repre- 
sentative dictionary is utilized. For a total implementation of this 
system, the dictionary would have to be greatly expanded. The dictionary 
used for this demonstration contains seventy words. 

The program is loaded for operation at the time-sharing terminal 
by entering LDRM. LDRM is a time-sharing executive file which causes 
the program and the system library to be loaded into the computer and 
starts the execution of the program. If <« non-blank character had 
been entered after LDRM, the program would request the operator to 
enter optional parameters for use by the program. These parameters are 
logical switches which can be used to display traces through the program 
or selectively enable/disable the various routines in the program. 

After execution has begun, and any optional parameters entered, 
the program initializes the dictionary tree structure. The computer 
will then ask a user to enter his request, which will then be processed 
to obtain the attributes of the individual words. Figure 15 illustrates 
a complete run for an individual user. 

The difference between the attributes for a word which has been 
processed with the DELETE procedure disabled and the same word when it 
has been enabled is illustrated below in figure 14. 

The computer will then loop back to ask a new user to enter 


his request. The program can be stopped by entering STOPS. 


(INFORMCNOUNP -NOUNP VERBP) ) (INFORMCVERBP> ) 
(a) (b) 
DELTE DISABLED DELETE ENABLED 


FIGURE 14. Effects of DELETE Routine 
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ENTER NAME AND SMC NUMBER 
ac.t. schmidt box 1962 


ENTER REQUEST, SURROUND WITH ( )$ 
_(what do you have on computers?) $ 
WHAT 

DO 

YOU 

HAVE 

ON 

COMPUTERS 

ib 


KKEKKKEKKERKKERKEKKKKEKKKRKERRKEEEKR 


C.IT. SCHMIDT BOX 1962 
KAKKKKKEKKEAKKAKEKEREKRAKKEKER 


ATTRIBUTES FOUND FOR WHAT 
ATTRIBUTES FOUND FOR DO 
ATTRIBUTES FOUND FOR YOU 
ATTRIBUTES FOUND FOR HAVE 
ATTRIBUTES FOUND FOR’ ON 
ATTRIBUTES FOUND FOR COMPUTERS 
ATTRIBUTES FOUND FOR ? 


(WHATCINTER ADVBP? DOCVERBP) YOUCPRNOUNP? HAVE<VERBP PRN3SG> 
ONCPREPP? COMPUTERS<NOUNP PLURD 2? (PUNTD ) 


** AT THIS POINT YOUR REQUEST WOULD BE PASSED TO THE 
TRANSLATION AND TABLE SEARCH ROUTINES. ** 


FIGURE 15. Sample Program 
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IV. CONCLUDING REMARKS 


This paper has discussed a dictionary list structure which could 
be used by an English Language translator to enable natural language 
man-machine conversation directed towards the retrieval of information 
from a data bank. The development of the English Language translator 
utilizing this dictionary structure and the inclusion of this translator 
into the existing information retrieval system used by the Technical 
Reports Section at the Naval Postgraduate School Library would provide 
the school a flexible and accessible information system for use in 
obtaining a bibliography of the reports held by the library. 

A translation procedure which is based on a generative model of 
syntax and semantics that is comprehensive enough to automatically 
resolve some forms of syntactic and semantic ambiguities would be re- 
quired for eids system. The translator would have to be able to 
syntactically parse the user's request, using the attributes determined 
from a dictionary structure such as described in this paper, and then 
use this parse in conjunction with the semantic environment of the 
system to determine the topic areas of interest from the user's request. 
In the accomplishment of this goal, it should have some means of com- 
munication with the user to resolve any ambiguities which it is not 
otherwise able to resolve. Once the topic areas of interest have been 
determined, the system can readily produce the numeric code words 
required to obtain a bibliography from the existing information 


retrieval system. 
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JER IRAE MeOH EF ae eae aie ai he a cK 9 ake ie ik I Kee ok ale oe Ee Oe HC OK he he OK I ae ake ae Bie Rs oe IK Me he 
WK IK ik aie Bie HE NE ale He Oe aie oe 2 ate ake Se ae oH IS ae aE ot Kot ie ac eK ate ae oe ae ae ae oie ake IK ake oie ai He ie ie fe ac ak aK ok 


% of I ok 
KK LIBRARY SEARCH SYSTEM He x 
a ok ok sts 
ek LIR_SER PROGRAM He ¥ 
7 Xe ak 


Be ae IE a Oe IE Oi a CE A oh oh ie A ae ae He oe Ae aK a i a a at OS ote ofr ate ok af ate oe atc ake aE os oe Se ops te fe a oe oe a 
Me IE oe AE 3 oc ae ae ie Oe Re ok i 2 i oe OK oe OK a aie aie ae cE SK oe ape A OK SS a ht OO oe a Ss She oe Ae oe a 


R SER: PROC(PARMS) OPTIANS(MAIN): 
OTL CODES FILE STREAM ENVIRONMENT (F(RO)), 
DICT FILE STREAM FNVIRONMENT (F(80))° 
DCL PARMS CHAR(8)VA4R ,CONE(11) CHAR (20): 
DCL (ATOMLIST,P,yNILIOPTR CSIZE FHFIXEN RIN, 
Jo Fe AK He He KO he He OE akc ah ake akc se He oe oe ah ake fe ae ae oe ok ote ac a oie ote ake Se ate oie ak 2 ole IK oe ok ke oi ak ae akc ok 
x DECLARATION EF THE FIELDS QG& THE CELLS ON 
* THE "ATOMLIST*' LIST. 
See ip Sa ae eee KM aK 
1 ATOMCELL BASED(P), 
2 SIZE FIXED BIN, 
2 NEXT FTIR, 
2 PNAME CHAR(CSIZE REFER(SIZE)), 
J eK aie ie He HK OE ah ah he he ok ie ae He a a oe ie a ok ak ae of of of 2 oi oe ote ake ake ote ais ake ae ok ake he otk oft ate ic ak 
a DECLARATION OF THE FIELDS OF THE CELLS ON : 
* big cee aN 3 TT ST 
ORE nce a A eee 
1 CONCELL RASEN(P), 
2 ATOMR BIT(2), 
2 LEVEL FIXED RIN, 
2 CARF PTR, 
2 CDRFE PTR: . 
fo OK ie He aie ie aie HK oie eH ake He ke ae ie ake oe ie ke kk he He oe fe oie he ok she ak ake ote fe oe a ake ake ake ok ote ote oe He he OK ok oi ok #: 
x DECLARATION OF A FILE CONTROL RLOACK USED x 
* DURING THE READING AND WRITING OF THE * 
* FILES USED. * 
FO ISIC III EGGS IC IR IOI IOI I doi GIGI de iakok dake sk ska ke / 
DCL 1 FCB ane 
2 COMMAND CHAR (8), 
2 FILENAME CHAR(&) INIT('*DICT'), 
2 FILETYPE CHAR( 8) INIT('DATA'), 
2 CARDNUM FIXED RIN, 
2 STATUS FIXED RIN INTIT(O), 
2 CARD_BUFF CHAR( 8&0): 
FER HK AK i ie he ie He ok he oe fe HK ote OK ok ok Kote ie ake ah ok he of ote ak oie ie she he ak ake oe oe oe a ote ok oe oe ok ok ok 
x PROCEDURE WHICH TS USEN TO INITIALTZE THE * 
a DICTIONARY AND TH= TARLE ARRAY. * 
He HK KE he ie He ok Sc a oh He aK i aie ake OK Ae a oe ae 3k ok ake ie ot oe oh aie hk ake ate oC ot ot ofc ote akc ake ote ke ok ok oe kK ok KK J 
DCL INIT ENTPY3: 
INIT: PROC: 
DCL Y FIXED RIN: 
SOMES Pen E=NUIL Ls 
FLD = *]'sB: 
COMMAND = '"'RORUYF fe 
DISPLAYCtINITIALIZING FROM FILE'): 
{1 = READS: 
COMMAND = tFINTS#: 
CALL TIHEFILE(FCR): 
FLD = '0'P: 


Sy 





pee toitien CAL PRINTS(CDR(L1) ) 
IF TBL THEN DO? 
COMMAND = 'RORUF ts 
ET UENAME = "CHES: 
Pemree ol TMe TBE SI 7Es 
CARDNUM = 1% 
CALL THEFILE (FCB): 
CUeei) 2 —-eeoeD RIES ¢ 
IF TRY THEN OTSPLAY(ICODECHII TI) !) tf 
CODE (is). c NT) < 
COMMAND = 'tFINTS#s 
CALL IHEFILE( FCB): END: 
OYVSPPAY( "=Nb Ge tN TIALITZATION!)< 
END INIT: 
J RR A ee ake she ote ake ok oe coke oe ke ak ok ake ak ake ake ok ok ofc ate ae ake ok ak ais ak ake ote ok ok aie ole a aie oc ake ae ake ak ok 
x PROCEDURE WHICH TS USED TO ENTER ITEMS is 
x INTO THE PROGRAM, 
eer ksaunk tkeennkei Kee] 
DCL INPUT ENTRY( CHAR (72))3 
INPUT: PROC(R): 
DOU e weer cya Cree Geyst FIXED BIN INIT (0) }STAT IC: 
TF FLD THEN OQ3 
lL = Te: 
CARDNUM = [3 
CALL TIHEFILECFCR): 
B = CARD RUFF? 
IF TRI THEN DISPLAY('BUFFES Ne) te END? 
ELSE DISPLAY(TtENTER STRING, SURROUND WITH ( )$!) 
REPLY(B): 
END INPUT: 
Joe te ke He ie he ake He ok ke oe se oe ok fe ok oe fe fe ake ok a a oe a ake ok ok Ye ok ok akc ak ok ie ak 2h ate ak ok aft ok ate abe ak ae oe ak of ok 
x PROCEDURE WHICH ITS USED TO PRINT CUT ITEMS *x 
* FROM THE PROGRAM, ste 


FORO SORIA OK Sea i ok ak ae oe ake oak ok ak ak ok ae ae ae ak ak a ak ake ake sak ak ak / 


DCL OUTPUT FENTRY(CHAR(*)): 
OUTPUT: PROC(C): 
DCL CHAR(*),1 FIXED BIN INITCO)STATICS 
TF FLO THEN OO?: 
lo= 
CARDNUM = I: 
COMMAND = '!#WRRUF TS 
CALL IHEFILE(FCB): END: 
ELSE DISPLAY(C): 
END OUTPUT: 
[RR KI ae He ee I KK oe oe ak ok ade ok oe ake ake kc ak coke he ok ake ake 3k ok ok oie of ae ok of ok ote ak 
a PROCEDURE USED TON DETERMINE THE FUNCTION 
* QF THE Geet SPECIFIED RY THE FOINTER 


Hee Fe a ee aK ae 9 ea EK 2 eee nKe eee ke RR ERREE/ 
Re ATOM Ste I RE TURNS(BIT(2)) : 


OM Pe RGGtA Ie Bi t( 2): 
IF A=NIL THEN RETURN('O1'B) : 
RETURN(CA->ATOMB) 
END ATOMS 
J 3 ee a a a i a ai ok a Se ee ai a ee ae ae a oe oe ee i ee sc ae oh oie ae oe og Dic oc ok ake ok oie ok oe 
* PROCEDURE WHICH CCNSTRUCTS & CHARACTER # 
* CO Uae AGEL WITH EITFER & 11 OR OL * 
* ATOMB FIELD) AND TNSERTS THE FOINTER 4: 
* TOM Semen nen ee GS ON TRS tALTOMLISE' LIST % 
% PS ye Nee te TST GR ELSE PLACES ve 
* Pioneer ets) OCN THE TATMMLIST*® LIST * 
* ieee see Sere FO UNTER TO THIS NEW CELL. % 
ea i he ie a ae ak aK ak ae ok a ake ak ee ake ek a ke ok ae ake i a ake ae fe oie aie oc oie ai ae ak fe oie akc ae 2k ok ate ok a ae ak ok aK 
DCL STRING ENTRY(CHAR(*)VAR) RETURNS (PTS); 
STRINGS SPREE(C) ©7172 3 
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Deuce GHeet rer VAR,(QO PIR,L FIXED RINISTATIC: 
IF TRC THEN OTSPLAY(*STRING "fTICIt® AT LEVEL GEE |" 
0 = LOOKUP(C): 
ALLOCATE CONCELL SET(°): 
L = LENGTH(C): 
lewieot THEN 
IF FLD THEN ATOMBR = "#3 tRs 
ELS& ATQOMB = "O01 'B: 
ELSE ATOMB = "Ol 'R: 
CPRF = NIL? 
LEVEL = LEV: 
1 OST ieateeEN 9G 
CS P22] = sc; 
ALLOCATE ATOMEELL SET(O): 
Q=->NEXT = ATOMLI ST? 
Q->PNAME = C3? 
RROMLT Stes 03 ENMs 
CARF = Q: 
RETUPN(P): 
END STRING: 
ee et ea ey eke e kee kee Se Kook te oie ok se ok he ok ok rok tek 
* PROCEDUPE eee SEARCHES THRAUGH THE * 
a "ATOMLIEST!' LIST TO FIND THE CELL LOCATION * 
% OF THE PNPUT CHARACTER(S). x 
JOR SO OIG 2 RII I FO II So rk dak kot kok dok dete kok ak aka ake akostoak 
DEL foe on ENTRY(CHAR(*) VAP) RETURNS (PTR): 
LOOKUP: PROC(C) PTR: 
DCL C€ ee ty BeOee rR STATIC: 
Q = ATOMLIST: 
DO WHILE(OQOn=NIL): 
IF Q=>PNAME = C THEN RETURN(O) : 
" Q = Q=>NEXTS ND 3 
RETURN(NIL)$ 
END LOOKUP: 
PKK RK RR a ok oi ote oie ok ok ke ok ke ok ok ke ok 2k ok ok ote ot ke oe ok ok ok oh ote 2K of ok ake ok ake of oe ok 
x PROCEDURE WHICH SCANS THE INPUT RISFFER * 
% AREA AND RETURNS VALID CHAPACTER STRINGS * 
* WITHOUT RLANKS TO THE CALLING POINT. THE * 
*K VALID CHARACTER STRINGS ARE SINGLE SPECTAL * 
% (EXCEPT t=") AND ALFANUMERTC STRINGS aK 
* INCLUDING THE t-' CHARACTER, * 
oe ie ake ok 2 ok ok ok ok ake fe ote ake ake kc 2 ofc ok ake ok ok ke ok kc oe of ok ak ok 2k ok ok ok otk a afk ok ok ok ok ok ke ok ok oe ak ok ak kot 
DCL SCAN RETURNS (CHAR (80) VAR)? 
SCAN: PROC CHAR(80)VA®: 
DCL ((BP eo vet aT cee BIN, (7 CHA® (1), 
: eee CHAR(72))) STAT 
DO WHILE (R=0) 3 
IF BP >= 72 THEN NM2 
BP = O: CALL INPUT(BUFF): END: 
BP = RBDO+41 3 
TF SUBSTR( BUFF ,BP,l)am=' §* THEN B=BP3 END: 
T=SUBSTR(BUFF .B,1)32 
IF T < tAt € Taz t=? THEN RETUPN(T): 
DO WHILE (BP<72 €& T v=! Set =tat ho = OA) 
ae a | BP+1: T=SURSTRERUFF, Breet) 2 END: 
RETURN( SUBSTR(BUFF ,B,BP-34+1))3 
END SCAN: 
PH AK A RK ake ke ke ote oe aK ok ok fe ake 2k a ote ok ak ofc ok ot ote a ok ok ake ok of Be oh ok ak ok ok ok ak 
x PROCEDURE WHICH CONSTRUCTS A CONNECTIVE * 
x CELL (A CELL WITH A OO ATOMR FIELD) * 
* WITH THE INPUT POINTEPS AND THE : 
* CURRENT LEVEL. 
pe Ne Le he eb r bse s ee een ccceeeKePakenkeens 


DOCU Lome Nini r IRy PIR} RETURNS(PTR) : 
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CONS: PROC(A,.B) PTR: 
DCL (A,B)PTR: 
ALLOCATE CONCELL SET(P): 
ATOMB='OO!tR: 
LEVEL = LEV: 
CARF=A: 
CDORF=R:;: 
RETURN(P)s: 
END CONS: 
] RR tok ek kkk ok tok kook oko ok teak ok ok ak oe ak ake te ok ok ote abe ote akc ake ate ate oe ote ok she aoe te 2 ot ah ok fc ake ok 2k 
* PROCEDURF WHICH RETUPNS THRE POINTER x 
* CONTAINED IN THE CARF FIELD OF THE K 
* SPECIFIED CELL. % 
fe ake fe fe ak ic fe ak ok ok ak ob ake kc of ok ke ot aks ok ake ok ok oe ake ak kc ake ke ake oe ote ate ie ote akc a ave ak ok at of ie af ak ak ate ke ok ae / 
DCL CAR ENTRYCPTR) RETURNS(PTR) 
CAR: PROC(A) PTR? 
DCL A PTR? 
ITF A=NIL THEN RETURN(NIL) ? 
TF A=>SATOMB THEN RETURNONIL) : 
RETURN(A-SCARF) 3 
END CAR 3 
J ROKK ye kok ok ok oe ok ok oe ake ok ok ok ake a ok oe ak ke ak ake ok ake ok ott fe ake ok oe ok a ok ak fe of ate a ake ak ate afc ok akc ok 
~ PROCEDURS WHICH RETURNS THE PCINTER * 
* CONTAINED IN THE CORFE FIELD SF THE ; 
* SPECIFIED CELL. 
a ek RAEERREREE RA RHEREE | 
DCL COR ENTRYC PTR) RETURNS(PTR): 
CDR: PROC(A) PTR: 
DCL A PTR: 
TF A=NIL THEN RETURN(INIL)D:3 
RETURN(A->CDPF) : 
END COR; 
[A RH he ak ake oe ok ok fe ok ake ake ok ok ok ke ake ok te ake ak kc of fe oc ake ake ote ote ote oe ak we ok ak ak ok of ake ak ok 
* PROCEDURS WHICH RETURNS THE PCINTER * 
* CONTAINED IN THE CARF FTELO OF THE CFLL as 
POO eth CARP OPIEL) @F THE 2 
aK SPEC ITF RED CELL. 
ee eee oe ea RR RHEE RE ERK 
DCL CAAR ENTRY( PTR) RETURNS(PTR): 
CAAR: PROC(A) PTR? 
DCL A PTR: 
IF A = NIL THEN RETURN(NIL)? 
A = A->CARF?: 
RETURN(A->CAR Ee} 
END CAAR: 
IR ok ok ook ok ok ok ok ke ote ak ak ok ofc oe ak ok ofc ake ok eo of ake oe fe fie a ote oe oe ode ok ake ok ake ake ae atk ak sk ok 
“s PROCEDURE WHICH WTLL PRINT OUT ALL TF THE * 
* INDIVIDUAL CHARACTERS CN THE LIST SPECIFIRO. * 
Re Fe 2 te ok oak ke ok kc ak ok ak ae ok ke a ak kc oe ak ok ofc ak ote oc ak fe ak fe akc ake ak of ak ake ak ok oe ke oc ak oe ott ake ake ke akc ak ok / 
DCL PRINT ENTRY(C PTR): 
PRINT: PRCC(A) RECURSIVE: 
DCL A PTR: 
ITF A->ATOMBR THEN CALL OUTPUT(SYMROL(A)): 
ELSE OO: 
CALL PRINT((CA-SCARF)) ¢ 
CALL PRINT( (A->CDRF)): ENR: 
END PRINT? 
Jk eo eo ok ok ok ke i ok ok ak ok ke ake ok ake ok ke ok ok coke ok ok ak of oe ok ok ote te ae oe Se ak ak oft ake a ake ok ake of ok 3k 
x PROCEDURE WHICH RETURNS THE CHARACTERS x 
* CONTAINED IN THE PNAME FIELD OF THE i 
* ATOMCELL SPECTFIEN 
RA eA ON at i ea eS ARK RK RRR RRKT 
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Eve, 


Coe ehc ALL OUTPUT( =S"): 
END FIRST NT Se 


[HK Ae ae Me HO ae Oe ake ie ae a ae ae ae ate eof fe ae i he fe 2 a oie As ae ake os Ae a Hs SK oh aie OK 2K OK Oke a or oe a: ole ok 


ok PROCFDURE WHICH TS USED TO SFARCH DOWN A X 
2K SPECIFIED LIST TQ FIND THE CHARACTER(S) * 
* SPECIFIED BY THE PARAMETER, THE POINTER TO * 
% THE NEXT ITEM ' DOWN! THE LIST TS RETUPNEN, % 
se OK a SE I SRR RC CES a RR RC aE ake ae ae ae oka ke Sa de ae ke Ye a ak ake ake ake ak ats ak ake aks ake / 
L LOOKLIST ENTRY(PTR, CHAR (*) VAR} PETURNS (PTR): 
OKLIST: PROC(P,C) PTR 
DCL (P,O,R)PTR,C CHAR (*) VAR: 
DO WHILE (PA=NIL)3 
QO = P=->SCAPF?: 
R = CAAR((P)): 
IF R=->PNAME = C THEN RETURN(O-SCDRF): 
ELSE IF -aENC THEN 
TF Q-DS>ATOMR = FIL IR THEN 
TF £3 = NIL TREN Os 
L3 = CONS(Q,NIL)? 
E2=SVEVEL = 13 ENDS 
ELSE D9: 
37 C ONS CO, 3): 
W5— > EVE = i ee NDS 
P = P=>CDRPF: BP = Fs END: 
RETURN(NIL): 
END LOOKLIST?: 
JX eR He ok a ok oh aK oe ake ke fe ake kk ae ok ok ake ake fe ake ok oie ate ake af at ake abe afk abe afk aie fe ok ote ake kc fe ak ake aie abe oe ake ok ae 
x PROCEDURE WHICH IS USED TO ATTACH TO ALL x 
x ITEMS ON THE "*L2* LYST (THE USER DFFINED x 
* LIST) ANY ATTRIRUTES QF THAT TTEM FOUND ON : 
* VAS (ieee tc CTLONAKY) LIst 
Be fe ae she 3c ok ake ak ake ke ake he ke ok 3k ae ok ok ake ts oh ok ok ak ok ake ok EN te T ees x exe wae 7 
L ATTRB ENTRYS 
TRB: PROC: 
DCL (P,O AR Se TIPTRIC CHAR(ZO) VAR,L FIXED RIN, 
C1 CHAR(1): 
Ro= (2: (aan: | 
DO WHILE(R xwn=NIL): 
Pp = Je 
S = R->CARF?: 
T=CAAR((2))32 
C = T->PNAME3 
_L = T=d>SIZE; 
DOSr= 1 10° Le 
Cle] eSUBS TR CGs1 42% 
OS=sCOKLISTEESCl) s 
eso = NIL THEN O83 
DISPLAY(tATTRIRUTE NOT FOUND FOR ** tI EC): 
GO TQ LAR: END: 
FLSE P = QO: END: 
0 = LOOKLIST(P,'**) >; 
Op= DEVE Te (0) ; 
TF Q = NIL THEN S=SCDREF = L2: 
FESE O00; 
TF £3 m= NIL THEN DOO? 
S->CDRFEF = L3? 
DO WHILE(L2- ees ae: 
{2 = L3->SCDRFE: 
L2->CDFF = Q: ete 
ELSE S-SCMPRE = Qs ENN: 
DISPLAYCTATTRIBUTES FOUND ©QP Te je 
MBit Reo= B—->o>CDRE* £4 = NIL? END: 
END ATTRB: 
Je fe Rete He oe se Le oh ae ok oie fc of ate ok ote ok 3c a ake ofc fe ok ake fe ak ok oe ok oe ote ke ato ee oe de oh kee ok ak ak ate ek 3k 
* PROCEDURE WHICH *™S USED TO DFLETE FROM THE * 
x LIST OF ATTRIRUTES THOSE ATTRIRITES WHICH # 
x WERE PICKED UP DURING THE SFARCH WHICH 89 * 
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JX Seok ee oe oie ok ots ake eke ote oe ok ke at ake ake ae fe akc ok ae he ake ak afc ke ake ake he aie ak oe ae ake akc ale ae ake ae ake ote ale ake oie ate ae ak 
* eC ewe elon athe —GEaBAL VARTABLES USED * 
: AND NISPLAY OF COMMAND REQUESTS TQ THE * 

ORE A UMk. we 
ete aoe SRORCROE  ROR E BOR ROS OE a ai ak oak a ak akc ae ake oe sk a Sak ak ak ak a akc ak ake ake ake ak ak ake / 


DCL (L1,L2,L3,RP,PP)PTRySTNAME CHAR(40),IPT CHAR(RO)VAR, 
(TRC ,ENC sTRI,ERP sELO,TAL,DCTISITII) 
(T,L LEV, TALSI7ZESETXED RIN: 
TRC, TRIVENC »ERRyELD TRL sDCT='0'R? LEV=O: TRLSIZE=11: 
PRR KAI He Xe oe oe he i eK ok ok ok ee ok ak ok ok ok pemet ce ty a 
i INITIALIZATION SF THE NICTIONARY LIST 'Ll'. 
WK Ke ok KK JER AIO IO ROR RICE ROR Rak ak aR ak a ai a aK a ake aI ak ke a a ak aR a ae ak ak a 7 
IF PARMS -=_'' THEN MTSPLAY(TENTER OPTIONAL PARAMETERS! ) 
REPLYC IPT): 
IF IPT sett THEN GET STRING(IPTI DATACTRCsTPISFLCs 
TBL DCT): TOT 


D 
CALL INITS 


fA RAR A HE a Ra a a Oe a a aK 2K ek a ae ae 8 3 akc ake a ake akc as a ahs ae ae a ake a a 2 ac kr ak ae 
Be He He KE SO a OR a i ae oe 2 I Be Ra a a a i te ae a ae Sik RE ie Re a ae Hs aie ae at a aK aE ae ks 
% 4 POU ieee ines IOeP ATION OF (HE PROGREM, a 
OK OE AC A 2c 2g 2s Hs i OK iC a as Ee ae ae i a i i a akc a ae a 2 a ae oe a ae ae ae oe a aie 2 SE ae ake ae kc ae a ak a ae Xe 
He AK Be i a OE a a ae ie he ie i ae ae ke 2c ae a 2K ak ok Es 3 Re fe 2 at fe ac ic ai a ee a akc ae a ak te oi ac ae / 


EO Coenen 
: ee NAME AND SMC NUMBER!) REPLY (ST NAME)S 
oor POVNET EES {| 


LYC( TPT); 
PT) DATA(TRC, ENC, 
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Tie ot meOog 
rT ~@ 


nm oT “Th —t 14 png 


Y 
NI +4 
— 6 
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EN IF SYMBOL(L2)='STOP' THEN EXIT: 


JOC ok dotoktckokoickciokloktoksoaesk t ) 


"lt STNAME): 
FIO dd tot tok tok sok kokctokkotok tp: 
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JA ete He oe he ie He eS a a He oie ake a fe ae ah AC aK ake oh aK ic ie a aie fc afc oe OK ae Roe aK 9S a Ae oe ae he a ake NS aK 
He Yk Ie Ae Be FH ie ae oe ae OE ale 2K a aie aK OK a oi ate oe aie ote he ae ate sik aie ae aie se eA aie HE i ah Oe OK aie ate aE He Ae He I ee 
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a TABLE P8OGRAM se 
x mK mK IE 
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FOCI CO tok oiotgkaioiototi ick tiokokgiakoboiokolokatok dolokok dokokok giakk kd aka ke / 
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He BE BK Fe OK IK ae KE he he af i ae aK SK Oe ake ac ae eK OS OK OK oe OK oe 
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z aie Hee eye BLOCK ee : 
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MEK Be 2 IK 


DCL 1 


HNC ¥ 
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ISRO RY PONY 
ANONTNO 
PPO n 
ce 
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He fe HE Ko AE EK eK OK EE lalallala 
PROGRAM OPERATION 
eee PORE HEH TRUE KAREENA ERI] 


is Pee eG =) Fe Bs 
ie 
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ARMS 
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TZ 

SZ E 


rPnmv 
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ns 
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OAM 
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‘, 
I 26 He He He A HE He He HE He CI CI I RK a a ae ak ai a kc oe 2 ak ak ac kK ak a akc akc ak 2k ak kc 3 
ONG Russe Ome CODES SEILE tNUOPTHE : 
= ARRAY FOR USE DURING THE PROGRAM, 

PEGA eos eae HREM HE RRS AREER REE R EER REE RAE 
5 
M 


AY ier cae OF THE CODE ARRAY')3 


a 
TVW OV mee 


FFER: 
AY YC'CODEC HVT TIt') "(| CONE(T))3: END: 


<COAMTOKHo< 


ITI 2D — 


ON OF INITIALIZATION'): 


OE oie Hi af a he ae ak ke a 2 a 2 ake ok aE ok SK De ae ic ak oi oe ae ae ak a a a a ak a a a 

Ee Vn UCh AEN S Siri SCONTINUAL STORE, # 
TION, OR PETRIEVAL QF ITEMS FROM THE a 
UNG Une OPeRanGe 1S FINTSHED. 

Ft Be oe kA ee ae Ae ee a HH kk a] 


t 
ee e 


[RRR I I a a a ae a a ER Fe RE a ae oe a ak ake i ai a a ae ae aK a aK ak ae aK aK fe fe ae a 9k 9K a ae ae 
: THE FOLLOWING ARE THE PARAMETERS REQUIRED: a 
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* ALFA = ITEM UNDER CONSIDERATION * 
* C@MeG = THe TARLE ARRAY APEA % 
x DATASIZ=&= = NUMBER NAF COMPUTER WORDS IN # 
x FHE ITEM REING CONSTDERED * 
x NRKEY = NUMREP OF ITEMS, NORMALLY ONE * 
* TYPOP = TYPE OF OPERATION * 
* TBLSI7E = THE TABLE STZE (PRIME NIMRER) *f 
* TReECODS. = THE TABLE CONFIGURATION CO0E ( * 
FOO OIG RO CII GI IORI IIE OI ak ak ak kok kc gos ke soko kok ak / 
CAM HA Shinar as. ODE, JATASI ZEGNRKEY ,TYPOE,TBLSIZE, 
TBLCQDE} 3: 
[OR ROK Ro kk Sek sk ko REO Kt a eo ak oe ok kat ae ok oe oi kc oak ek ico oi ae aie ako oh ae a a 
x THE FOLELAWING ARE THE TARLE ae WHICH m 
* RESULT FROM THE CALL TO HASH * 
* O = OPERATION SUCCESFULLY CCMPLETED * 
* Pe=2eARLESTS FULL E 
* 2 = T7J—EM TS NOT IN THE TARLE 
re ee eee he ks ee ee he ee EL AER RERAEEKE SS 


BLCONE) : 
YCYRETRTEVED TTEM AND CODE: 
ELSE 1') REPLY(IPT): 


ie Ra te eo ae a ako a oe ok ok oi ak oi ae koe ac a oc a oe a a a ae ie ae a aK ok ak i 
ROUTINE USED TO WRITE THE APRAY BACK INTO : 


* THE CONES FILF 
gt EERE RHEE AE EHR RERS 


COMMAND = "RRASE*s 
Coele TREF] URGES) < 
COMMAND = 'WRBUF'S 
PO 1 = 'e ra) TELSi7e. 
CARDNUM = 1% 
Ceo neo Seinen e Gitte 8 tl CODE(1)): 
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